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© Metal oxide-semiconductor device and fabrication method of the same* 



© A metal-oxide-semiconductor device having a 
semiconductor-on-insulator structure comprises an 
insulator substrate (10); a single crystal semiconduc- 
tor substrate (11) provided on the insulator substrate, 
the single crystal semiconductor substrate and the 
insulator substrate forming a part of the 
semiconductor-on-insuiator structure; source and 
drain regions (18, 26) doped to a first conduction 
type and defined in the single crystal semiconductor 
substrate; a channel region (4) defined in the single 
crystal semiconductor substrate so as to be inter- 
posed between the source and drain regions, the 
channel region being doped to a second conduction 

^jtype opposite to the first conduction type with a first 
impurity concentration level; a gate insulator film (1 5, 

£*24) provided on the single crystal semiconductor 

in 



substrate in correspondence to the channel region; 
and a gate etectrode (17, 27) provided on the gate 
insulator film in correspondence to the channel re- 
gion with a predetermined gate length (L, L); 
wherein the channel region is defined by a back 
channel elimination region (16, 25) having an in- 
creased impurity concentration level exceeding tfie 
first impurity concentration level such that the back 
channel elimination region is located adjacent to the 
insulator substrate for eliminating the back channel 
effect, the back channel elimination region being 
provided under the gate electrode in a manner such 
that the back channel elimination region is separated 
from the source and the drain regions by a region 
having a smaller impurity concentration level. 
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METAL-OXIDE-SEMICONDUCTOR DEVICE AND FABRICATION METHOD OF THE SAME 



BACKGROUND OF THE INVENTION 

The present invention generally relates to 
metal-oxide-semiconductor (MOS) devices and 
more particularly to a MOS device having the 
semiconductor-on-insulator (SOI) structure wherein 
the back channel effect is eliminated. 

In conventional MOS transistors, the increase 
of operational speed of the device is limited be- 
cause of the parasitic capacitance formed between 
the source/drain region and the substrate. In a 
MOS transistor having the SOI structure wherein a 
thin semiconductor layer acting as the substrate is 
provided on an insulator layer, such a parasitic 
capacitance is decreased significantly and a high 
speed operation can be achieved. Such a device 
also has a preferable feature of near-ideal isolation 
between the semiconductor devices and associated 
therewith, the device generally has a high break- 
down voltage. 

FIG.1 shows a typical structure of the MOS 
transistor formed on an SOI substrate. Referring to 
the drawing, the SOI substrate includes a silicon 
wafer 40 and a silicon oxide layer 41 provided 
thereon. On the silicon oxide layer 41. there is 
formed a usual MOS transistor having a single 
crystal silicon substrate layer 42. source and drain 
regions 46 formed in the layer 42. a channel region 
44 intervening between the source and drain re- 
gions 46, and a gate electrode 45 provided on the 
layer 42. The substrate layer 42 is isolated from 
the substrate layer of adjacent transistors by an 
isolation region 43 of silicon oxide. In the drawing, 
illustration of the gate insulation film is omitted. 

Although such a structure is effective in reduc- 
ing the parasitic capacitance, there arises a prob- 
lem that a so-called back channel effect is tend to 
be caused. In the back channel effect, electric 
charges are accumulated at the interface between 
silicon substrate layer 42 and the silicon oxide 
layer 41 underneath, and such electric charges 
provide a back channel extending across the 
source and drain regions along the interlace. In 
response to the appearance of the back channel 
effect, a leak current flows across the source and 
drain regions as illustrated by the arrow in FIG.1. 

As the back channel is an conductive inversion 
layer formed by the electric charges in the insula- 
tor layer 41 , and the formation of the back channel 
can be reduced when the impurity concentration is 
increased. In other words, the back channel effect 
can be suppressed by increasing the impurity con- 
centration of the semiconductor layer 42 acting as 
the substrate of the MOS transistor. For example. 
Japanese Laid-open Patent Application No.58- 



64064 discloses a MOS transistor having the SOI 
structure wherein the semiconductor layer provid- 
. ing the channel region between the source and the 
drain regions is doped by ion implantation of impu- 

s rities such that the concentration level of the impu- 
rities therein changes with three distinct concentra- 
tion levels with the depth of the semiconductor 
layer. In this prior art, the concentration level adja- 
cent to the insulator layer is maximized for elimi- 

10 nating the back channel effect. 

Alternately, there is disclosed a similar tech- 
nique for eliminating the back channel effect in the 
Japanese Laid-open Patent Application 60-220425. 
FIG .2 shcv/s the general feature of the MOS tran- 

is sistor disclosed in these prior art references. In 
such a MOS transistor, the channel region 44 is 
divided into the normal channel region 44a having 
a normal impurity concentration level and a back 
channel effect eliminating region 47 doped to an 

20 increased impurity concentration level. This region 
47 is formed adjacent to the silicon oxide layer 41. 
Similarly to FIG.1, the region 46 represents the 
source and drain regions and the region 45 repre- 
sents the gate electrode^ 

25 In the MOS transistor of FIG.2. the back chan- 

nel effect is successfully eliminated as a result of 
the provision of the region 47. However, such a 
structure has a problem of poor breakdown char- 
acteristic because of the reason that the region 47 

ao which is doped for example to the p-type with the 
high concentration level is located in contact with 
the source or drain region 46 which is doped to the 
n-type with the high concentration level. More spe- 
cifically, such a device shows a decrease of the 

35 breakdown voltage to less than 10 volts when the 
region 47 is doped to the level of 2 X 10* 7 cm" 3 In 
the usual device wherein the region 47 is not 
provided and the channel region 44 is doped in the 
level of 1 X 10 16 cm" 3 , on the other hand, the 

40 breakdown voltage is usually about 50 volts. 

Generally, the MOS integrated circuits are re- 
quired to have a breakdown voltage which is about 
two times as large as the supply voltage in consid- 
eration of the noise in the supply voltage and the 

45 substrate biasing. As the supply voltage is usually 
set to 5 volts, the breakdown voltage of 10 volts or 
less is apparently insufficient 

Further, there is a known MOS transistor dis- 
closed in the Japanese Laid-open Patent Applica- 

so tion No.62-104172 having an offset gate structure. 
The MOS transistor is constructed on a silicon 
single crystal layer provided on a silicon oxide 
substrate and has an isolated doped region having 
an increased impurity concentration level in the 
channel region formed in the silicon single crystal 
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layer in correspondence to a boundary between the 
silicon oxide substrate and the silicon single crystal 
layer for liminating the back channel ffect. This 
isolated doped region is provided under an over- 
hanging drain region characterizing the offset gate 
structure but is separated therefrom and further in 
an offset relationship with respect to the gate elec- 
trode provided on the silicon single crystal layer. 
Although this prior art MOS transistor can eliminate 
the back channel effect by the isolated doped 
region interrupting the formation of the inversion 
layer extending between the source and drain re- 
gions along the boundary to the underlying silicon 
oxide substrate, it has a problem in that a neutral 
region is formed in the channel region because of 
the relatively large thickness of the channel layer 
(about 0.5 urn) which prevents the depletion region 

formed riurinn thp nnoratinn nf fho tron^io^r 

extending to and reaching the boundary to the 
underlying silicon oxide layer. When this occurs, 
there is a possibility that holes, which may be 
formed during the operation of the transistor as a 
result of impact ionization, are accumulated in the 
neutral region. In response thereto, the silicon sin- 
gle crystal layer is biased with respect to the 
source region and there appears a parasitic bipolar 
action in the parasitic bipolar transistor formed by 
the source region, drain region and the channel 
region intervening therebwtween. When such a 
parasitic bipolar action occurs, a large amount of 
carriers are caused to flow between the source and 
drain regions and the breakdown voltage between 
the source and drain regions is significantly de- 
creased. The MOS transistor of this reference is 
also disadvantageous from the viewpoint of forming 
a parasitic capacitance under the overhanging drain 
region which reduces the operational speed of the 
transistor. Further, such a MOS transistor having 
the offset gate structure occupies a large area and 
is disadvantageous from the view point of increas- 
ing the integration density of the integrated circuit 
Furthermore, the resistance caused by the over- 
hanging drain region provides an effect of reducing 
the operational speed. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
MOS transistor and a fabrication method thereof, 
wherein the foregoing problems are eliminated. 

Anoth r obj ct of the present invention is to 
provide a metai-oxide-semiconductor device having 
a semiconductor-on-insulator structure, comprising: 
an insulator substrate; a single crystal semiconduc- 
tor substrate provided on the insulator substrate, 
the single crystal semiconductor substrate and the 



insulator substrate forming a part of the 
semiconductor-on-insulator structure; 
source and drain regions doped to a first conduc- 
tion type and defined in the single crystal semicon- 
s ductor substrate; a channel region defined in the 
single crystal semiconductor substrate so- as to be 
interposed between the source and drain regions, 
the channel region being doped to a second con- 
duction type opposite to the first conduction type 
io with a first irnpurity concentration level; a gate 
insulator film provided on the single crystal semi- 
conductor substrate in correspondence to the chan- 
nel region; and a gate electrode provided on the 
gate insulator film in correspondence to the chan- 
rs nel region with a predetermined gate length; 
wherein the channel region is defined by a back 
channel elimination region having an increased im- 
purity concentration ievei exceeding the first impu- 
rity concentration level such that the back channel 
20 elimination region is located adjacent to the insula- 
tor substrate for eliminating the back channel effect 
taking place therethrough, the back channel elimi- 
nation region being provided under the gate elec- 
trode in a manner such that the back channel 
25 elimination region is separated from the source and 
the drain regions by a region having an impurity 
concentration level smaller than the increased im- 
purity concentration level. According to the present 
invention, the back channel effect is successfully 
3Q eliminated by the use of the region of increased 
impurity concentration while maintaining a satisfac- 
tory break down voltage as a result of forming the 
region so as to be separated from the source and 
drain regions of the MOS transistor. 
35 Other objects and further features of the 

present invention will become apparent from the 
following detailed description when read in con- 
junction with attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a cross-sectional view showing a 
prior art MOS transistor having an SOI structure; 

45 FIG .2 is a cross-sectional view showing an- 

other prior art MOS transistor having a structure for 
eliminating the back channel effect; 

FIG.3 is a cross-sectional view showing a 
first embodiment of the present invention; 

so FIGS.4A - 4E are diagrams showing various 

steps of fabricating the MOS transistor of FIG.3; 
and 

FIGS.5A - 5E ar diagrams showing another 
process of fabricating a MOS transistor having the 
ss SOI structure wh rein th back channel effect is 
eliminated. 

DETAILED DESCRIPTION 
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Hereinafter, a first embodiment of the MOS 
transistor according to the present invention will be 
described together with the fabrication steps there- 
of with reference to FIG.3 and FIGS.4A - 4E. 

Referring to FIG.4A at first, an SOI semicon- 
ductor body including a silicon oxide substrate 10 
and a p-type single crystal silicon layer 11 is 
subjected to a thermal oxidation process wherein a 
silicon oxide film 12 having a thickness of about 
200 A is formed on the silicon layer 11. it should 
be noted that the single crystal silicon layer 11 are 
divided into a number of portions which are sepa- 
rated from each other by a silicon oxide isolation 
region 19. The SOI semiconductor body may be 
formed by binding a pair of semiconductor wafers 
each having an oxidized surface such that the 
oxidized surfaces are contacted each other. Alter- 
nately, «he SOI semiconductor body may be 
rormeo by the so-called SIMOX process wherein 
oxygen ions are selectively implanted to a semi- 
conductor wafer in correspondence to the depth of 
the silicon substrate. In any case, the p-type silicon 
layer 11 has a thickness of about 0.1 urn and a 
specific resistance of about 10 Q.cm. In order to 
maintain a sufficient mechanical strength, it is usual 
that the SOI semiconductor body is used in a state 
that it is supported by a silicon wafer. 

The silicon oxide film 12 is formed on the p- 
type silicon layer 11 in order to prevent the con- 
tamination of the silicon layer 11 from the 
photoresist applied in the subsequent process and 
at the same time for preventing the occurrence of 
the channeling in response to the ion implantation 
Further, the silicon oxide film 12 acts to remove the 
Impurities from the silicon layer li and protects the 
surface of the silicon layer 1 1 . 

Next, in a step of FIG.4B, a photoresist 13 is 
applied on the top surface of the silicon oxide film 
12 and a part thereof having a size D is removed 
photolithographically as a window in correspon- 
dence to the gate electrode to be formed in the 
later process. The size D is chosen to be 0 5 urn 
as will be described. 

Next, using the photoresist thus patterned as 
the mask, an ion implantation of boron (B*) is 
performed under an acceleration voltage of 30 - 40 
keV with a dose of 3 X 1 0 «» cm"*. Upon the ion 
implantation, the boron ions are implanted into the 
silicon layer li in correspondence to the removed 
part of the photoresist. Most of the boron ions thus 
implanted reach the depth close to the boundary 
between the silicon layer 11 and the silicon oxide 
layer 10 und rn ath as shown in FIG.4C. 

Next, the photoresist 13 is removed and the 
silicon oxide film 12 is removed also subsequently 
Next, the substrate thus obtained is subjected to a 
thermal oxidation under hydrochloride vapor at a 
temperature . between 900 - 950 "C. Thereby a 



gate insulation film is is formed on the surface of 
the silicon layer 11. At the same time to the pro- 
cess of oxidation, the implanted boron ions are 
activated and a p -type region 16 of increased 
s impunty concentration level is formed as illustrated 
■n FIG.4D. In FIG.4D. the dotted boundary of the 
. region 16 shows the concentration profile of boron 
which is reduced by a factor of about two orders of 
magnitude (10*) with respect to the maximum con- 
io centration of boron in the region 16. 

Next, a gate electrode 17 of polysilicon is de- 
posited on the gate insulator film 15 by a CVD 
process and patterned subsequently such that the 
gate electrode 17 remains above the region 16 for 
is a gate length L of 0.8 urn as shown in FIG 4E This 
gate electrode 17 may be a lamination of poly- 
s.l.con and siiicide. The alignment between the 

, a«" eieciroae i/ ana the region 16 

located below the gate electrode 17 can be 
20 achieved with an alignment accuracy within about 
0.03 um using the same stepper. 

Next, using the gate electrode 17 as the mask 
ion implantation of arsenic (As*) is made under an' 
acceleration voltage of 60 keV for a dose of 5 X 
as 10'Scm-2. and after a subsequent annealing., 
source and drain regions 13 are formed in the 
semiconductor layer 11. Further, by removing the 
silicon oxide film 15 from a region covering the 
source and drain regions 18. a MOS transistor 
30 shown in FIG.3 is completed wherein the source 
and drain regions 18 as well as a channel region 4 
intervening therebetween are provided in the sub- 
strate 1 1 which in turn is provided on the insulator 
layer 10. As can be seen, the gate electrode ex- 
35 tends between the source and drain regions 18 in a 
manner to cover a part of the source and drain 
regions 18 while the region 16 is provided imme- 
diately under the gate electrode 17 with a separa- 
tion from the source and drain regions 18. This 
w transistor is isolated from adjacent transistors by 
the isolation region 19 of silicon oxide which is 
formed already at the beginning of the process of 
FIG.4A. 

In the foregoing process, the size D of the 
<s window formed in the photoresist 13 is chosen 
such that the size D is smaller than the gate length 
L by 0.2 -0.3 um or more. As already described 
the size D is set to 0.5 um and the gate length L is 
set to 0.8 um in the foregoing embodiment By 
so choosing the size D of the window as such, the 
region 16 remains invariably smaller than the gate 
electrode 17. 

According to the foregding construction, the 
formation of unwanted p-n junction between the 
ss region 16 and the source or drain region 18. which 
otherwise would cause the decrease of the break- 
down voltage, is eliminated because of the region 
16 havmg a size smaller than the separation be- 
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tween the source and drain regions 18. Even when 
the diffusion of implanted boron ions may occur as 
a result of the accompanying annealing such that 
the tail of the compositional profile defining the 
region 16 is contacted with the source or drain 
region 18, the concentration of boron in such a 
contacting region can be held small and does not 
cause any substantial decrease of the breakdown 
voltage. Thus, the present invention can success- 
fully eliminate the back channel effect while without 
causing the decrease of the breakdown voltage. 

Next, a second embodiment of the present 
invention will be described with reference to 
RGS.5A -5E. in the drawings, the parts corre- 
sponding to the parts already described with refer- 
ence to preceding drawings are given identical 
reference numerals and the description thereof will 
be omitted. 

Referring to FIG.5A at first a polysilicon layer 
21 is deposited on the silicon layer II including the 
isolation region 19 for a thickness of 2000 - 3000 A 
by a CVD process. Next, the polysilicon layer 21 is 
doped with phosphorus (P) with a concentration 
determined such that the layer 21 has a surface 
resistivity of about 20 Q/a This layer 21 is used 
later as the source and drain regions of the MOS 
transistor. This layer 21 may be formed as a lami- 
nated structure of polysilicon and silicide. The dop- 
ing may be made by ion implantation under an 
acceleration voltage of 50 keV, and a does of 5 X 
I0 ,5 cm~ 2 is used when phosphorus tons are dop- 
ed. In the case of doping the polysilicon layer 21 
by arsenic, the acceleration voltage is changed to 
60 keV. 

Next, a silicon oxide fi!m"22 is deposited on the 
layer 21 by a low temperature CVD process at a 
temperature of 400 "C for a thickness of 200 A, 
and a part of the polysilicon layer 21 and the 
silicon oxide film 22 corresponding to the gate of 
the MOS transistor to be formed is removed by 
etching for a size l' to form an window 100. This 
size L . corresponds to the gate length of the de- 
sired MOS transistor. 

Further, a silicon oxide layer 23 shown in 
FIG.5A by a broken line is deposited on the struc- 
ture by a low temperature CVD process for 2000 A 
and the layer 23 is subsequently subjected to 
anisotropic etching process proceeding vertically to 
the surface of the layer 22 until the top surface of 
the substrate 1 1 is exposed in correspondence to 
the window L . This anisotropic etching process 
may be performed by the reactive ion etching (RIE) 
process. Thereby, the oxide layer 23 is remained 
at the side wall of the window 100 substantially 
un tched, and there is formed a window 100 hav- 
ing a reduced size D as shown in FIG.58. By the 
for going process, the size D of the window 100 
is smaller than the size L of the window 100 by 



0.3 - 0.4 urn. 

Next, the structure of FIG.5B is subjected to 
ion implantation of B* under an acceleration volt- 
age of 30 - 40 keV with a dose of 3 X 10 13 X cm- 2 , 
s In this ion implantation, the polysilicon layer 23 
remaining at the side wall of the window 1 00' acts 
as the mask and the ion implantation is made only 
in correspondence to the window 100* having the 
size D' as shown in FIG.5C. It should be noted that 

io the implanted boron ions reach a depth corre- 
sponding to the boundary between the single cry- 
stal silicon layer 11 and the insulator layer 10 
underneath as illustrated therein. BF 2 may also be 
used as the ions to be implanted. 

is Next a silicon oxide film 23 remaining in the 

structure of FIG.5C is removed completely, and a 
new silicon oxide film 24 is formed as shown in 
F1G.5D by thermal oxidation at 300 - 350 C under 
the existence of hydrochloride- This silicon oxide 

20 film 24 has a thickness of 200 A for example and 
acts as the gate insulator film. It should be noted 
that during this thermal oxidation process, the oxi- 
dation proceeds more rapidly in the surface of the 
polysilicon layer 21 than in the surface of the single 

25 crystal silicon layer 11. Thus, the thickness of the 
silicon oxide layer 24 has a thickness of 400 - 500 
A at the side wall of the window which now has an 
increased size as illustrated by a reference nu- 
meral 100* as well as on the top surface of the 

30 layer 21, and because of this, a sufficient break- 
down voltage is secured between the gate elec- 
trode and the polysilicon layer. 

At the time of the heat treatment associated 
with the formation of the gate insulator film 24. the 

as implanted boron ions are activated, and a p* region 
25 is formed. This p* region 25 corresponds to the 
region 16 of the MOS transistor of the first embodi- 
ment, and acts as a layer for eliminating the back 
channel effect The dotted boundary of the region 

40 25 represents the concentration profile of B* which 
is decreased by a factor of 10 2 similarly to the case 
of the region 16. Further, P* ions incorporated into 
the polysilicon layer 21 by the ion implantation are 
diffused into the single crystal silicon layer 11 at 

45 the time of foregoing thermal oxidation, and there- 
by source and drain regions 26 of the n -type are 
formed in the layer 1 1 . FIG.5D shows the semicon- 
ductor device after the foregoing processes. 

Next, a gate electrode 27 is provided in cor- 

so respondence to the window 100 . It should be 
noted that the window 100 has the size which is 
substantially identical to th si2e L of the window 
100. as the window 100 is smaller than the win- 
dow 100 only by the thickness of the silicon oxide 

ss layer 24 which is, as already described, only about 
400 - 500 A. Thus, the MOS transistor thus formed 
has the gate length which is substantially identical 
to the size L*. After the deposition of the gate 
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electrode 27, the silicon oxide layer 24 covering 
the polysilicon layer 21 is removed and the fabrica- 
tion of the MOS transistor is completed. 

It should be noted that, in this transistor, too. 
the region 25 for eliminating the back channel 
effect is separated from the source and drain re- 
gions 26. In other words, the p*-type region 25 
does not form the p-n junction with the source or 
drain region 26 directly, and thereby the problem 
of unwanted decrease of the drain breakdown volt- 
age is successfully eliminated. 

Further, the present invention is not limited to 
these embodiments described heretofore but var- 
ious variations and modifications may be made 
without departing from the scope of the invention. 



Claims 

1 . A metai-oxide-semiconductor device having 
a semiconductor-on-insulator structure, comprising: 
an insulator substrate (10); a single crystal semi- 
conductor substrate (11) provided on the insulator 
substrate, the single crystal semiconductor sub- 
strate and the insulator substrate forming a part of 
the semiconductor-on-insulator structure, source 
and drain regions (18. 26) doped to a first conduc- 
tion type and defined in the single crystal semicon- 
ductor substrate, a channel region (4) defined in 
the single crystal semiconductor substrate so as to 
be interposed between the source and drain re- 
gions, the channel region being doped to a second 
conduction type opposite to the first conduction 
type with a first impurity concentration level; a gate 
insulator film (15. 24) provided on the single crystal 
semiconductor substrate in correspondence to the 
channel region; and a gate electrode (17, 27) pro- 
vided on the gate insulator film in correspondence 
to the channel region with a predetermined gate 
length (L, L # ); 

characterized in that the channel region is defined 
with a back channel elimination region (16. 25) 
having an increased impurity concentration level 
exceeding the first impurity concentration level 
such that the back channel elimination region is 
located adjacent to the insulator substrate for elimi- 
nating the back channel effect taking place thereth- 
rough, the back channel elimination region being 
provided under the gate electrode in a manner 
such that the back channel elimination region is 
separated from the source and the drain regions by 
a region having an impurity concentration level 
smaller than the increased impurity concentration 
level. 

2. A metai-oxide-semiconductor device as 
claimed in claim 1 characterized in that said back 
channel elimination region (16. 25) extends for a 
length (D. D ) which is smaller than the gate length 



(L L ) of the gate electrode. 

3. A metal-oxide-semiconductor device as 
claimed in claim 2 characterized in that said back 
channel elimination region (16) has a size which is 

s smaller than the gate length (L) of the gate elec- 
trode (17). 

4. A metai-oxide-semiconductor device as 
claimed in claim 1 characterized in that the region 
separating said back channel elimination region 

io (16. 25) from the source and drain regions (18, 26) 
has the first impurity concentration level. 

5. A metal-oxide-semiconductor device as 
claimed in claim 1 characterized in that said gate 
electrode (17, 27) extends on the gate insulator film 

is continuously across the channel region (4) includ- 
ing a part of the gate insulator film (15. 24) located 
above the source region (18. 26) and a part of the 

Ciate inSlllAfnr film lnr>afa/H ->K^../» *u« : _ _ 

w w>"^vw dwwvc me uiaili ICUJUf I 

(18, 26). 

20 6. A method for fabricating a metal-oxide-semi- 

conductor device having a semiconductor-on-insu- 
lator structure, said semiconductor-on-insulator 
structure including an insulator substrate (10) and a 
single crystal semiconductor substrate (1 1 ) formed 
25 thereon, said single crystal semiconductor sub- 
strate being doped to a first conduction type so as 
to provide a channel region therein, 
characterized in that said method comprises steps 
of: introducing impurities into the single crystal 
30 semiconductor substrate with an amount sufficient 
to eliminate a back channel effect from the channel 
region of the metal-oxide-semiconductor device, 
said introduction of the impurities being performed 
such that the impurities form an isolated region 
35 (16) of the first conduction type defined in the 
single crystal semiconductor substrate in a vicinity 
of an interface to the underlying insulator substrate 
for a predetermined lateral size (D). said isolated 
region having an increased impurity concentration 
40 level with respect to the single crystal semiconduc- 
tor substrate in which the isolated region is formed; 
providing a gate insulator film (15) on a surface of 
the single crystal silicon substrate so as to include 
at least a part of the surface which is located above 
45 the isolated region; providing a gate electrode (17) 
on the gate insulator film for a desired gate length 
(L) which is larger than the predetermined lateral 
size (D) such that the gate electrode covers, on the 
gate insulator film, the isolated region of the single 
so crystal semiconductor substrate located under- 
neath, forming source and drain regions (18) by ion 
implantation using the gate electrode as a self- 
aligning mask such that the source and drain re- 
gions are formed at both sides of the isolated 
ss region with a separation therefrom. 

7. A method as claimed in claim 6 character- 
ized in that said step of introducing the impurities 
comprises steps of providing a mask layer (13) 
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acting as a mask of ion implantation, patterning the . 
mask layer so as to provide an opening (100) 
which defines the isolated region, carrying out an 
ion implantation process for introducing the impuri- 
ties into the single crystal semiconductor substrate s 
such that the impurities reach a vicinity (14) of the 
interface between the insulator substrate and the 
single crystal semiconductor substrate, and per- 
forming an annealing such that the impurities are 
diffused into the isolated region. ro 

8. A method as claimed in claim 7 character- 
ized in that said step of providing the gate insulator 
film (15) comprises a step of thermally oxidizing 
the surface of the singie crystal semiconductor 
substrate (11). and said step of annealing is per- is 
formed simultaneously to the step of thermal oxida- 
tion. 

9. A method for fabricating a metal-oxide-semi- 
conductor device having a semiconductor-on-insu- 
lator structure, said semiconductor-on-insulator 20 
structure including an insulator substrate (10) and a 
single crystal semiconductor substrate (11) formed 
thereon, said single crystal semiconductor sub- 
strate being doped by first impurities to a first 
conduction type so as to provide a channel region 25 
therein, 

characterized in that said method comprises steps 
of: providing a polycrystal semiconductor layer (21) 
doped by second impurities to a second conduc- 
tion type opposite to the first conduction type on a 30 
surface of the single crystal semiconductor sub- 
strate as an electrode layer of the metal-oxide- 
semiconductor device; forming an opening (100) 
having a first size (L ) in the polycrystal semicon- 
ductor layer such that a top surface of the single 35 
crystal semiconductor substrate is exposed, said 
opening being laterally defined by a side wall; 
carrying out an ion implantation process for in- 
troducing third impurities through the opening us- 
ing a mask such that impurities are concentrated in 40 
an isolated region (25) located in a vicinity of an 
interface between the single crystal semiconductor 
substrate and the insulator substrate, said isolated 
region having a second size (D ) smaller than the 
first size; applying a thermal oxidation process 45 
such that a gate insulator film (24) is formed on the 
exposed top surface of the single crystal semicon- 
ductor substrate and on the side wall of the open- 
ing, said thermal oxidation process causing a diffu- 
sion of the second impurities from the polycrystal so 
semiconductor layer into the single crystal semi- 
conductor substrate for thereby forming source and 
drain r gions (26) in the single crystal semiconduc- 
tor substrate, said thermal oxidation process further 
causing an activation of the third impurities in the ss 
isolated region: and providing a gate electrode (27) 
in correspondence to the opening such that the 
gate electrode has a gate length larger than the 



second size. 

10. A method as claimed in claim 9 character- 
ized in that said mask is formed by a step of 
providing a first insulator layer (22) on the poly- 
crystal semiconductor layer, the step of forming the 
opening (100) through the first insulator layer and 
the polycrystal semiconductor layer, a step of de- 
positing a second insulator layer (23) on the first 
insulator layer including the opening and the side 
wall such that the exposed top surface of the single 
crystal semiconductor substrate and the side wall 
of the opening are covered by the second insulator 
layer, and a step of removing the second insulator 
layer by an anisotropic etching process proceeding 
vertically to a major plane of the second insulator 
layer until the top surface of the single crystal 
semiconductor substrate is exposed wherein said 
anisotropic etching process being performed such 
that the second insulator layer is remained at the 
side wall of the opening. 

1 1 . A method as claimed in claim 9 character- 
ized in that said first impurities and said third 
impurities are identical. 
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